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ANTENNA UNIT AND 
RADIO COMMUNICATION TERMINAL 
USING THIS ANTENNA UNIT 

BACKGROUND OF THE INVENTION 
The present invention relates to an antenna unit and a radio 



communication terminal such as a mobile communication terminal using 
this antenna unit, in particular, in which the sensitivity in radio wave 
transmission and reception is increased. 
Description of the Related Art 

An antenna unit, which is composed of coil shaped elements 
and a case covering the coil shaped elements, has been widely used in 
radio communication terminals such as mobile communication 
terminals. 



However, at an conventional technology, the coil shaped 



elements have been fully covered with the case, consequently, the 
sensitivity in radio wave transmission and reception has been lowered by 
the case. 



SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to provide an 



antenna unit and a radio communication terminal using this antenna 
unit, in which the sensitivity in radio wave transmission and reception is 
increased. 



According to a first aspect of the present invention, for 



achieving the object mentioned above, there is provided an antenna unit. 
The antenna unit provides elements having a coil shape, and a case for 
covering the elements having the coil shape. And the case has one or 
plural opening parts within the range keeping the durability of the body 
of the case. 
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According to a second aspect of the present invention, in the 
first aspect, at least one of the plural opening parts is formed in the case 
at the position near the part where a current flowing in the elements is 
large. 

5 According to a third aspect of the present invention, in the 

first aspect, the elements are connected in parallel, and at least one of 

the opening parts is formed at the position near the part where the 

elements are jointed. 

According to a fourth aspect of the present invention, in the 
10 first aspect, at least one of the opening parts is formed at the position 

near the part where a power supply point to the elements is formed. 

According to a fifth aspect of the present invention, in the first 

aspect, a door is formed at the position of each of the plural opening 

parts, and the door is opened when it is required. 
15 According to a sixth aspect of the present invention, in the 

first aspect, the case is made of a resin. 

According to a seventh aspect of the present invention, for 

achieving the object mentioned above, there is provided a radio 

communication terminal. The radio communication terminal provides 
20 an antenna unit. And the antenna unit provides elements having a coil 

shape, and a case for covering the elements having the coil shape. And 

the case has one or plural opening parts within the range keeping the 

durability of the body of the case. 

According to an eighth aspect of the present invention, in the 
25 seventh aspect, at least one of the plural opening parts is formed in the 

case at the position near the part where a current flowing in the 

elements is large. 

According to a ninth aspect of the present invention, in the 

seventh aspect, the elements are connected in parallel, and at least one 
30 of the opening parts is formed at the position near the part where the 
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elements are jointed. 

According to a tenth aspect of the present invention, in the 
seventh aspect, at least one of the opening parts is formed at the position 
near the part where a power supply point to the elements is formed. 
5 According to an eleventh aspect of the present invention, in 

the seventh aspect, a door is formed at the position of each of the plural 
opening parts, and the door is opened when it is required. 

According to a twelfth aspect of the present invention, in the 
seventh aspect, the case is made of a resin. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 
The objects and features of the present invention will become 
more apparent from the consideration of the following detailed 
description taken in conjunction with the accompanying drawings in 
15 which: 

Fig. 1 is a diagram showing a structure of coils in an antenna 
unit at a first embodiment of the present invention; 

Fig. 2 is a perspective view of the antenna unit before forming 
opening parts at the first embodiment of the present invention; 
20 Fig. 3 is a perspective view of the antenna unit at the first 

embodiment of the present invention; 

Fig. 4 is a perspective view of an antenna unit at a second 
embodiment of the present invention; 

Fig. 5 is a perspective view of an antenna unit at a third 
25 embodiment of the present invention; and 

Fig. 6 is a perspective view of a part of a radio communication 
terminal at an embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
30 Referring now to the drawings, embodiments of the present 
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invention are explained in detail. 

First, a first embodiment of the present invention is explained. 
Fig. 1 is a diagram showing a structure of coils in an antenna unit at the 
first embodiment of the present invention. As shown in Fig. 1, the coils 
5 are composed of a coil of small diameter 1 and a coil of large diameter 2, 
in which the resonant frequencies are different from each other. And 
the coil of small diameter 1 and the coil of large diameter 2 are 
connected in parallel at a joint 3. And the antenna unit corresponds to 
multi-band communication. 

10 Fig. 2 is a perspective view of the antenna unit before forming 

opening parts at the first embodiment of the present invention. As 
shown in Fig. 2, the coil of small diameter 1 and the coil of large 
diameter 2, which were connected at the joint 3, were covered with a 
case 5. The case 5 is made of a copolymer resin such as an ABC 

15 (acrylonitrile-butadiene-styrene) resin. 

Fig. 3 is a perspective view of the antenna unit at the first 
embodiment of the present invention. As shown in Fig. 3, the case 5 
has plural opening parts 6 and 7, within the range keeping the 
durability of the case 5. At the positions near the opening parts 6 and 7, 

20 the quantity of radio waves inputting to the coil of small diameter 1 and 
the coil of large diameter 2 becomes large, and also the quantity of radio 
waves outputting from the coil of small diameter 1 and the coil of large 
diameter 2 becomes large because of the opening parts 6 and 7. 
Therefore, by this structure, the sensitivity in radio wave transmission 

25 and reception is increased, and high gain can be obtained. 

In Fig. 3, the positions of the opening parts 6 and 7 are 
examples, and are not limited to the positions shown in Fig. 3. The 
positions of the opening parts 6 and 7 are decided at any positions within 
the range keeping the durability of the case 5. Further, the number of 

30 the opening parts is not limited two, and one opening part or three or 
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more opening parts can be formed within the range keeping the 
durability of the case 5. And as the size of each of the opening parts 6 
an7, each of its width and its length is, for example, 3 to 5 mm. 

Next, a second embodiment of the present invention is 
5 explained. Fig. 4 is a perspective view of an antenna unit at the second 
embodiment of the present invention. At the second embodiment of the 
present invention, the structures of the coil of small diameter 1, the coil 
of large diameter 2, the joint 3, and the case 5 are the same those at the 
first embodiment, therefore the same explanation is omitted. However, 

10 the position and the number of the opening part are different from those 
at the first embodiment. 

As shown in Fig. 4, at the second embodiment, an opening part 
8 is formed at the position near the part that the joint 3 is covered with 
the case 5. The part, where the joint 3 is covered with the case 5, is the 

15 position where currents of the coil of small diameter 1 and the coil of 
large diameter 2 flow largely. 

The position where the currents flow largely is the position 
where the quantity of radio waves inputting to the coil of small diameter 
1 and the coil of large diameter 2 is large, and also the quantity of radio 

20 waves outputting from the coil of small diameter 1 and the coil of large 
diameter 2 is large. Therefore, in order to increase the sensitivity in 
radio wave transmission and reception, it is desirable to form the 
opening part 8 at this position. And as shown in Fig. 4, the opening 
part 8 extends to the position of a power supplying point 4. 

25 Next, a third embodiment of the present invention is explained. 

Fig. 5 is a perspective view of an antenna unit at the third embodiment 
of the present invention. As shown in Fig. 5, at the third embodiment 
of the present invention, in addition to the components at the first 
embodiment, a coil of middle diameter 12 is newly provided in the coil 

30 structure. The coil of middle diameter 12 is connected to the joint 3, 
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and an opening part 11 is formed at the position near the power 
supplying point 4 of the coil of middle diameter 12. And as mentioned 
at the second embodiment, the opening part 8 is also formed at the 
position near the joint 3. A current flowing at the power supplying 
5 point 4 is relatively large, therefore, this opening part 11 effects to 
increase the sensitivity. 

Next, a radio communication terminal using an antenna unit 
is explained. As the antenna unit, one of the antenna units explained 
at the first to third embodiments is used. 

10 Fig. 6 is a perspective view showing a part of a radio 

communication terminal at an embodiment of the present invention. In 
Fig. 6, a part, where one of the antenna units at the embodiments of the 
present invention is assembled in a radio communication terminal, is 
shown. For example, as the radio communication terminal, a mobile 

15 communication terminal is assumed. As shown in Fig. 6, an antenna 
unit 9 being one of the antenna units explained at the first to third 
embodiments of the present invention is assemble to a flexible printed 
circuit board (PCB) 10 of the mobile communication terminal. On the 
flexible PCB 10, electronic components such as ICs and other 

20 components are mounted, and the antenna unit 9 is assembled at the 
end of the flexible PCB 10. 

The size of the flexible PCB 10 is, for example, about 200 mm 
height, 50 mm width, and 0.7 mm thickness, at a case that the mobile 
communication terminal is a foldable type. Generally, the position, 

25 where the antenna unit 9 is assembled, is the upper end of the flexible 
PCB 10, at the state that the mobile communication terminal is in 
speech. 

At the second embodiment of the antenna unit of the present 
invention shown in Fig. 4, the radiation efficiency of radio waves was 
30 measured by assembling the antenna unit at a PCB having a copper thin 
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film layer. The measured results are as follows : at a case that the 
frequency of transmitting radio wave was 880 MHz, the radiation 
efficiency was increased by 0.9 dB, and at another case that the 
frequency of transmitting radio wave was 960 MHz, the radiation 
5 efficiency was increased by 0.3 dB. 

At the embodiments of the present invention, in order to 
increase the sensitivity in radio wave transmission and radio wave 
reception, one or plural opening parts were formed in the case 5 of the 
antenna unit. However, in order to prevent foreign substances such as 

10 dust and rain from entering the case 5, a small door can be formed at 
each of the opening parts. And when the user of the radio 
communication terminal finds that the sensitivity is low, the user opens 
the door(s). This structure of the antenna unit is possible. 

As mentioned above, according to the embodiments of the 

15 present invention, since the antenna unit has one or plural opening 
parts in its case, therefore, the sensitivity in radio wave transmission 
and reception can be increased. 

While the present invention has been described with reference 
to the particular illustrative embodiments, it is not to be restricted by 

20 those embodiments but only by the appended claims. It is to be 
appreciated that those skilled in the art can change or modify the 
embodiments without departing from the scope and spirit of the present 
invention. 



